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•URPOSE" To increase the dielectric strength as well as the power gain and also to 
enhance the high frequency properties, by forming the N-type layer on the N - 
type semiconductor substrate to provide P-type region there and installing gate 
insulator film at the center part of the ring-like P-type region after forming P 
N-tvpe reeion in the P-type region. 
CONSTITUTION" N-type laver 42 is formed on N -type Si substrate 41 through the 
diffusion, ion injection, epitaxial growth and other methods, and P-type circular 
r*eate reeion 43 entering up to substrate 41 is formed there through diffusion and 
Mother methods. Then N-type source region 44 is formed through diffusion within 
""^region 43 In this case, the difference of the depth is controlled to one to several 
Pin between region 44 and 43 which will be the channel length. After this, gate m- 
sffiulator film 45 is formed covering over the inside regions opposing each other in 
Mi region 43. Then first gate electrode 46 is attached on film 45; source electrode 47 
3s attached on region 44; second gate electrode 48 is attached on the region out- 
ride region 43: and drain electrode 49 is attached on the rear surface of substrate 
W*4] respectively. 
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atent Application No. 65943/77 


Patent Application Date: July 3, 1977 


^nventor: Kiyoshi SAKAI 

Applicant:* Nippon Denki Xabushrki Kaisha 

Title of the Invention: Kethois of Manufacturing Field Effect Transistors 


::.Scojjb of the Patent Claim: 


W vaet 


hod of manufacturing a field effect transistor, characterized by 


the s*||eps of: 


1™ 


librming a one conductivity type impurity layer on a one conductivity 


PP 


ype. Semiconductor substrate, said impurity layer "being less resistive than 


^ i 1 u Jl 


said substrate; 


forming a first region of the other condictivity type which passes 

through said one condictivity type impurity layer and includes portions 
provided opposite to each other with a predetermined space therebetween; 


forming a one conductivity type second region on said first region; 


formig a gate insulating layer on the surface of said first region 
saving opposing portions an :i provided between said semiconductor substrate 


-ind a second region; ar.d 


•^orming a first gate electrode, a second electrode and a source electrode 

respectively on said gate insulating layer, said semiconductor substrate, and 
said second region* .... 


Detailed Description of the Invention: 


The present invention relates to a method of manufacturing- a field 
effect transistor. 

essentially 


mce 


tttZS, 


the field effect transistor is / superior in its frequency characte- 


rs!- 

"istic iid is th.ersr.allv stable, it has excellent advantages for use in nig.i 

iks* 

: requenlg 7 an£ i high output applications. 

As&n example suitable .for use in the high frequency and high output 

M • . . . 


aicajgtoris, a structure shov/n in Fig. 1 is proposed, in which an N type 

Pi j 

.... . 

serai con® ct or substrate 11 includes an annular P type region 12 and an .annular 


?; + type region 13 which is formed within the region 12. A. gate oxide film 14.. . 
and a first gate electrode 17 which is accumulated thereon are formed on a -■ 

+ 

surface portion of said semiconductor substrate 11 within said N type- region- 
13. A drain electrode 15 is provided on the back face of the semiconductor 


substrate 11, a second gate electrode 18 is provided on the P type region 12. 

■ : nd a source electrode 16 is provided on the N + type region 13. The field 
effect transistor of this structure operates equivalently to a combination of 


:S type field effect transistor 100 in which P± H + type region 13 acts as 


• source, £^ ; first gate electrode 17, as a gate, and the surface of £U N" type 

semiconductor substrate 11, as a drain and a junction type field effect tran- 
istor 200 in which a surface portion of ^.semiconductor substrate 11 which 
s surrounded by fcia N + type region 13 acts as. a source,^? type region "12 f 


s a -gate, and the back face of the semiconductor substrate 11, as a drain 

s shown in Fig. 2* The channel length is defined short by the MOS type field 

ffect ^rar. ssitor 100, which makes it suitable for use in high frequency 

ppl ? caller: s and the junction type field effect transistor provides a high 

/ly 

ressurgg. tightness, which makes it suitable for use in high' pressure-tight 


igh output applications. 


set., ; 


Otp^r advantages of this structure lie in that a feedback capacity( 


lectro^atic capacity between the drain 15 and the first gate 17 in Fig. 2) 


an be extremely reduced and that , the maximum voltage applicable to 

he field effect transistor is mainly determined by the junction type 

iE.led effect trail si st or 200, which permits higher pressure tightness and j 

----- ----I 

■ * -* J 

igher output operation than would be provided by conventional MOS type > 

ield effect transistors. However, the pressur tightness depends on the 

agnitude of an inverse pressure tightness at a P-N junction between the 
omiconduetcr substrate 11 acting as the drain region and the P type region 12 


cting as the second gate electrode. In addition, power gain is restricted 


. : 1 = ■ ■■ ' = « = ' = ' ,oi - the' semi c ond cut or subsU<*le 11 • whiuli 

by an internal resistance in a region/ surrounded by the P type region 12 

and acts as the drain-: region of the MOS type field effect transistor 100" 


and the source region of ; the junction type field effect transistor 200. 

such -oroblems occur that ... 

Accordingly /decreasing the impurity concentration in the semicond%tor____ 

.bstrate for rendering the structure highly pressur-tight reduces the power 

gain .while increasing the impurity concentration in the semiconductor 

7 to increase the gain 
ubslllate'loweres the pressure tightness. 


3U U£» UsisLi 

MS 


order to solve these problems, the inventor and so on have already 
provifed and filed a structure as shown in Fig. 3. That is, an impurity. 


is^firoSuce^into the region of the semicondcutor substrate 11 which is 


surrMnded by the ? type region 12 by heat diffusion or ion implantation 
to..f §m an island region 19 which is of the same conductivity type as ^ 
^..semiconductor substrate. 11 and has a high impurity concentration. 


If the island region 19 is piled upon the P type regi 


on 


12 to act as a 


second gate, it 


diff, cult to control the channel length of the MOS type 
fieldeffect transistor 100 and hence it ^difficult to control 
hi gh frequency characteristic. The length of "the region surrounded by the 

-ion 12 is on the order of several or less , which makes it 


P type re 


xtremely difficult to manufacture the same 


T rs 


-Mition. if the island region 19 has a higher impurity concentrate 


AT BP ^ 


Date 


* • ' ; I i i « i , . i • i ; I - i • • - i i ■ m i 

although its depth becomes deeper and the channel resistance in the junction 
type field effect transistor is reduced, the impurity should "be diffused 


at high temparature, so that such problems occur that thejdepth of the 

previously formed P type region 12 varies and hence a predetermined electric 

. . . . . ... • . . 

.racteristic can not be obtained^ Further, when the island region 13. 
is formed by ion implantation under a high voltage , crystal defects occuring 

duringgthis ion implantation are remarkably increased and the electric chara- 


cterisIILc is lost, for example, noise is increased. 


Tjje present invention provides a method of manufacturing a field effect 

% ... . . . 

transi&tor having high pressure tightness and power gain, and an excellent 
high fffbquency characteristic. 

-Tp put it concretely, after forming an N type layer on the surface of- 
an N_ type substrate, a P type region is annualrly formed . • an N type region 

is formed in the P type region, and a gate insulating film is formed on a regi 

of the annular P type region v/hich is situated inner than the N type region-.— 
Thereafter, source, drain, first gate and second gate electrodes are respec-v 

ticely formed. In this case, since the reverse pressure tightness at a P-N 

* 

function between the P type region and the N~ type substrate is determined by 
t Ke reverse pressure tightness at a P-N junction between the P type region and 

the K tyoe region, v/hich caused a reduction in the reverse nrospn^e ti ^r-nr C 


it is possible to properly select the impurity concentration in the N type 
region (on the order of 10 1 . 4 to 10 l6 / cm 3 ), or the 


reduction in the reverse 


pressure tightness can be readily avoided by selectively removing "tne^type 

region within the annular P type region except N type island region or changir 
.i + into an oxide. 

The K type region can be formed by various methods, such as 
Phase diffusion of impurity into the N~ type substrate, solid phase diffusion, 


Mi 


icn lmipLar.tation, or vapor phase depositior 


on of an N type layer, so that 


the irajjirity concentration in the Ntype layer and its thickness can be 


wi dely 


selects. 


<L|ghas been /eVnthio.ned above, the resultant element has a sufficien 


H ****** ■ 


pressug tightness-arid a- reduced internal resistance, which ..permits . an OT>era- 
tion with large current and hence provides higher power gain," so that : " 

extensively improved characteristic for use in the high frequency l^hlgh" 
output applications is provided. - 


A concret embodiment of the present invention will be 
with reference to Figs. 4(a) to 4(e). 


described 


- -M 


t: 


?ig.^(a) shows a semiconductor substrate 41 which is an K~ type silicon 
substrate having a resistivity on the order of several SI to several tensQ. 


;n the semiconductor substrate 41, an N type region 42 of 


a r e s i s t i v i t v 1 ow<^ 



No. 


Dote 


• * 


* . r 


• ' several hundred m _Q- to several ten . £h ) than that of the substrate 41 

is formed to have a thickness from 1 pjn to several ten . ^m. The region 42. 

- /well known - - 

can be formed by' various methods, such as impurity phase diffusion, solid pha 

diffusion, ion implantation, epitaxial growth and the like, so that the clesc 
)tion thereof is omitted* 

As shown in Fig. 4(b), an annular P type region 43 which acts as a 
xeconfl gate region is selectively formed on the semiconductor substrate 41 an 


75* 


:>e Nftyre region 42 by impurity diffusion or ion implantation. The depth 


\¥i 

"11! t 


f a (Sfiused layer in the P type region 43 is desirably 1 urn to ten and seve 


#»•#» • 


i K m *"and deener that that of the N tyoe region 42. 


is shewn in Fig. 4(c), an N type region 44 to act as a source region 


it 1 


is fosBed in the P type region 43 in a similar manner. The difference "between 


the depth of the diffused layer in the P type region 43 and the depth L 2 

of the diffused layer in the N type region 44 (L-j-Lg) corresponds to 

the channel length of the.MOS type field effect transistor 100 in Fig. 1 ._ 

and it must "be controlled to 1 yja to several ^jn or less. 

Fig. ^(d) shows a step of forming an insulating layer 45 to act as a gat 

* 

'.r-sulatir.g film on opposed portions of the F type region 43. The insulating 

0 

laver ^5 is. formed to have a thickness of several hundred A to several 

c 

thousand A . 


Date 



As shown in Pig. 4(e), source electrode 46, first gate electrode £7 and 
second gate electrode 43 are respectively formed on the N type region 4d t 


insulating layer 45 and P type region 43* A drain electrode 49 is. .provided 


on the lower surface of the semiconductor substrate 41. Aluminum, gold and the 

1. . are used as electrode materials. In particular, for the first, gate, elect-* 

rode 47 semiconductor, such as silicon, or a metal of an excellent heat 
resisti||j. ty , such as molybdenum is desirably used. 

T||^se elements are generally formed on a silicon substrate by plana 

r * 


:echniqf£ t so that a field effect transistor suitable o)fr use in the high 


« 


requen&y and high output applications is provided 


fT SET 


. Th® structure as shown in Fig. 4(e) is' minute in size, ?.so that 


it is... aipually difficult to_provide the second gate electrode 43 on the'? type 

region 43. Accordingly, in practice, as shovm in Fig. 5, a P type region 43' 
is previously formed in a position "in~contact" with "the P type region A3 


prior, to the formation of the P type region 43 and the second gate electrode 


f.B is provided on the region 43'. In addition, in order to ieduce a resistanci 

preferably • 

in the drain region, a substrate in which an N~ type layer 51 is foraed~on : 


= n i •; 


!; + tyre layer 52 is used as the substrate 41 and the drain electrode' 49 


1 1 

?ir.d the !.; type layer 42 are respectively formed on the N type layer 52 and j 
" " " * i 

1 

i.he :T~tvr>e layer 51- 


Dote 


Although the embodiment has been described with reference to the 


formation of the N type channel, it is 


apparent that Vie prsoen 


invention is also applicable to the formation of the F type channel, 

in which case . a .semiconductor of a conductivity type opposite to that 

sd in the formation of the 3 type channel is need* Although the ? type 

region 43 and the N type reion 44 are desirably formed into a round and annul 
shape p, these regions car: be .formed into an annulus of other configuration^ 

.Ml 

:,n i ti||* same effect is obtained even if these regions are formed opposte to 
each dither and connected together by an external wiring. 

~-£\ 

- - ^1 

|pj has been described above, according to the present invention, 
trie hfi|h frequency characteristic is further improved and a field effect 


transactor of a high pressure tightness and suitable for. use in_Jbhe high 

output -application can be readily U^^*^Jiet. 
4. Brief Description of the Drawings: 


--Fig- 1 is a sectional view of a conventional field effect transistor 


for use in the high frequency and. high output application; Fig. 2 is a circui 
which is electrically equivalent to that of the element shown in Fig* 1; 

Fig. 3 is a sectional view of another conventional example; Figs. 4(a) to 
4(e) respectively show sectional views in ind'i visual steps of an embodiment 


in Fig. 3; and Fig- 5 is a sectional view of an alternative embodiment ri.n 


* r 


No. 


Dste 


9 




r.ich the embodiment shown in Fig. 4(e) is partially altered. 

15, 49.. .drain electrode, 17, 46 .first gate electrode, 18, 48. . .second 

ite electrode, 16, 47. . .source electrode, 11, 4^ . .semiconductor subst'pat^"" 
2,43,«*...P type.region r .13,44...N type region, 14,45. ..gate insulating.. film, 


N type layer, 19... island regi 


on 


t* H" tt 


f3 


ST* 


HI 


